This study examined the potential relationship between participation in physical activity (PA) assessed by triaxial accelerometry and physical fitness testing, including health-related and skill-related parameters of fitness, in 136 Japanese preschoolers (65 girls and 71 boys, 5.5 ± 0.6 years). In partial correlation analyses, grip strength and 20m shuttle run test were positively correlated with time spent in physical activity ratio (PAR) ≥ 4. Better scores on standing long jump distance and jump over and crawl under tests were associated with lower sedentary time and greater moderate-to-vigorous PA time and PAR ≥ 4 time, and increased physical activity level. Moreover, 25m run speed was positively correlated with time spent in PAR ≥ 4 and locomotive activity. These findings suggest that development of both health-related (muscle strength and aerobic fitness) and skill-related fitness (power, agility and speed) may make engagement in PA easier for preschool children, although further research on the cause-effect relationship is needed.
Low physical activity (PA) among children and youths is a health and social problem in many countries, including Japan (1, 18, 19, 25) . Mattocks et al. (17) reported that time spent outside in early life (up to age 5) predicted later PA as determined by objective measurement in 11-and 12-year-old children. There is evidence that obesity, inactivity, and PA may track from childhood to adolescence and adulthood, and thus, recent research has begun to focus on the importance of PA in preschool years (15, 23) . Objective measurement using an accelerometer has been used to estimate energy expenditure and to classify levels of PA relatively accurately (2) . Previous studies have also indicated that activity patterns tend to be sporadic and omnidirectional in preschoolers (22) . Measures capable of capturing different intensities over multiple planes are likely to have the greatest accuracy for this population. Studies by our group (10, 27) showed that in preschool children, discrimination between locomotive and nonlocomotive activities such as certain types of play (e.g., ball tossing, building with blocks) using a triaxial accelerometer (ActivTracer, GMS) enables more accurate evaluation of PA intensity. These studies indicate that the relationship between PA intensity and acceleration counts is different for locomotion than for other types of PA, as indicated in adults (16) . Our previous study showed that nonlocomotive time as measured by triaxial accelerometry contributed more to PA than locomotive time in free-living Japanese preschool children (28) . Moreover, in free-living adults, nonlocomotive activities such as household activities significantly contribute to total energy expenditure (13, 21) . However, many methods have been used to measure PA in preschool children and most of these do not discriminate between locomotive and nonlocomotive activity (2) . In addition, the relationship between physical fitness and locomotive or nonlocomotive activity itself also should be taken into account, considering the complexity of PA in young children.
Lubans et al. (14) systematically reviewed the relationship between fundamental movement skills competency and potential health benefits in children and adolescents, and found strong evidence for a positive association, primarily in elementary school children and adolescents. In preschool children, a review by Hinkley et al. (9) indicated that many factors influence PA also. Movement skills are one of the possible biological variables. The preschool years are characterized by significant changes in the acquisition of locomotor and object control skills and nervous system maturation. Moreover, there are large interindividual difference in both fundamental motor skills and physical fitness in young children (15) . Thus, the relationship between fundamental movement skills or physical fitness and PA might differ from young children and adolescents. However, there are fewer reports on the relationship between fundamental movement skills or physical fitness and PA in preschool-aged children than in older children. Recently, some studies examined the relationship between fundamental motor skills and objectively evaluated PA (3, 4, 8, 31) . However, accelerometry without with discrimination between nonlocomotive and locomotive PA mainly reflects locomotor activity (10, 16, 27) . To our knowledge, no previous study has assessed the relationship between locomotive and nonlocomotive PA and health-related (aerobic fitness, muscle strength, endurance, and flexibility) and skill-related aspects of physical fitness (agility, balance, coordination, power, reaction time, and speed) in preschool children.
The purpose of the current study was to examine and further define the potential relationship between health-related and skill-related physical fitness, and habitual PA in preschool children. We objectively measured PA by triaxial accelerometry with discrimination between nonlocomotive and locomotive PA, and performed comprehensive assessment of physical fitness.
Methods

Subjects
Subjects were 136 4-to 6-year-old Japanese preschool children (65 girls and 71 boys; mean age 5.5 ± 0.6 years, range 4.3-6.9 years), living in the Tokyo metropolitan area and attending kindergarten or nursery school. A total of 234 children from four kindergartens and three nursery schools were invited to participate in the study. However, there were missing data for the physical fitness tests and accelerometry data due to equipment failure during the study period. Moreover, only subjects with data from at least two weekdays and at least one weekend were used in the analysis. As a result, PA and physical fitness were measured successfully in 136 children (58%). All of the subjects reported being in good health, without any anamnesis of conditions affecting energy expenditure, such as abnormal thyroid gland function. Informed consent was obtained from a parent, and the Ethical Committee of J. F. Oberlin University approved the study protocol.
Measurement Materials and Methods
Physical Activity Measurements. Habitual PA was measured using a triaxial accelerometer (ActivTracer, GMS, Tokyo). Subjects wore a 57 g ActivTracer on the left side of the waist, as previously described (27) . The ActivTracer was set to record in 1-min epoch. PA was monitored continuously for 6 days (typically on 4 weekdays plus 2 weekend days). Subjects were requested to wear these devices except under special circumstances such as dressing and bathing. Times that the subjects did not wear the equipment and sleeping times were recorded by their parents. Nonwearing time for the ActivTracer was based on the parents' records and counts of the ActivTracer. We excluded days in which more than 2 hr of nonwearing time had accrued, not counting time allowed for the above-mentioned unavoidable reasons, and days when subjects were absent from school. Subjects with data from at least two weekdays and at least one weekend were included in the analysis. PAR (physical activity ratio), a multiple of basal metabolic rate, was estimated from synthetic counts recorded every 1 min as previously described (27) . Anteroposterior (x-axis), mediolateral (y-axis), and vertical (z-axis) movement were measured using the triaxial accelerometer, and synthetic (using synthesized triaxes as vectors) acceleration was calculated. In addition, because the triaxial accelerometer can shift horizontally during measurement, the x-and y-axes were synthesized as 'horizontal acceleration' for the analysis. When synthetic activity counts were in the range corresponding to medium-intensity activity (between 130 and 600 mG), classification criteria using the vertical/horizontal counts ratio (as previously described) were used to discriminate different types of medium-intensity activity, because PAR for some medium-intensity activities (i.e., nonlocomotive activities) are underestimated by synthetic activity counts (27) : The vertical/horizontal ratio for locomotive activity was ≥ 1.19 and for nonlocomotive activity was <1.19.
Anthropometry. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. Body mass index (BMI) was also calculated. Assessors were trained by the author (CT) and each measurement was conducted by the same assessor.
Physical Fitness. Health-related physical fitness was evaluated based on 3 tests: grip strength as an indicator of muscle strength, a 20m shuttle run test for endurance, and sitting trunk flexion to assess flexibility. Skill-related physical fitness was assessed based on 4 tests: standing long jump to assess power, a jump over and crawl test for agility, balancing on one foot with eyes open to assess balance, and a 25m run to indicate speed. The jump over and crawl test was shown to have both validity and reliability as a measure of agility in preschool children by the Research Center for Physical Education in Japan (11) . Subjects jumped over a 35 cm-high elastic string and then immediately crawled, and repeated this movement 5 times. Time required to perform these actions was measured. The other 6 items were measured based on the New Physical Fitness Standards of Japanese People, version II (12) except for the jump over and crawl test. Physical fitness assessment was performed in a playroom and on a playground on the morning of the measurement day for each facility.
Analyses
Average number of weekday and weekend minutes spent in sedentary (PAR < 2), light activity (2 ≤ PAR <3), MVPA (3 ≤ PAR < 6), and PAR ≥ 4 were calculated for each individual, and then average weekly values were calculated by weighting for 5 weekdays and 2 weekend days (Weighed data = (Average for 2 weekdays × 5 + average for 1 weekend day × 2) / 7). PAL was also estimated as the average of PAR, because PAL refers to total energy expenditure (kcal/day) divided basal metabolic rate (kcal/day). Individuals were excluded from analysis if no ActivTracer data were obtained for at least 2 weekdays and 1 weekend day. Penpraze et al. (24) indicated that the reliability of PA monitoring was nearly the same from 3 to 10 days in 4-5 year old children. Therefore, Cliff et al. (5) suggested at least three days of monitoring in young children. When synthetic activity counts corresponding to medium-intensity activity (between 130 and 600 mG) were obtained, time spent in locomotive-type and non-locomotive-type activity was calculated. Total z-scores for health-related and skill-related physical fitness were calculated as a comprehensive health-related and skill-related physical fitness index. Furthermore, total z-scores for both aspects were calculated as a comprehensive physical fitness index. Student's t test was carried out to assess the influence of gender. The relationship between the two variables was evaluated by partial correlation analysis controlled for gender, age, height, and body weight. When analysis for each gender was performed, the controlled variables used were age, height, and body weight. Analysis of covariance with PA (sedentary, light, MVPA, or PAR ≥ 4) for the dependent variable was performed. Models were adjusted for gender, age, height, and body weight. The association between PA variables and weight status was analyzed by analysis of covariance adjusted for age and gender. All results are shown as means ± SD (standard deviations). Statistical analyses were performed with SPSS version 17.0J for Windows (SPSS Inc, Japan, Tokyo). All statistical tests were regarded as significant when p-values were less than 0.05.
Results
The physical characteristics of the subjects are shown in Table 1 . The numbers of overweight girls and boys based on BMI (6) were 6 and 4, respectively. Only one boy was obese. Morphological variables did not show a gender difference. Scores for girls were higher than those for boys for sitting trunk flexion and one-foot balance with eyes open. Girls scored lower than boys in the standing long jump and 25m run tests.
Time spent at different activity intensity levels, PAL, and locomotive and nonlocomotive activity time are shown in Table 2 . MVPA, PAR ≥ 4, PAL, and locomotive activity were significantly greater in boys than in girls. Sedentary time for boys was significantly lower than for girls. Table 3 shows the partial correlations between physical fitness and duration of PA intensity levels and types of activities. Grip strength and the 20m shuttle run test were positively associated with PAR ≥ 4. Significant correlations were found between the standing long jump and jump over and crawl tests and all PA intensity levels except for light activity. The 25m run score was negatively correlated with PAR ≥ 4, and was also correlated with locomotive activity, but no other physical fitness parameters were specifically correlated with locomotive or nonlocomotive activity. Health related total Z-score was positively associated with PAR ≥ 4. Skill related total Z-score was positively correlated with PAR ≥ 4 and locomotive activity, and negatively associated with nonlocomotive activity. Thus, comprehensive physical fitness total Z-score was positively associated with PAR ≥ 4 and locomotive activity. The results of analysis of covariance (Table 4) indicate that children in the highest tertiles for grip strength and 20m shuttle run test spent significantly greater time at PAR ≥ 4 compared with children in the lowest tertiles and children in the intermediate tertile for 20m shuttle run test, also. Children in the highest tertile for the 20m shuttle run test spent significantly greater time engaging in locomotive activity and less time in nonlocomotive activity compared with children in the lowest tertile. Children in the highest tertile for standing long jump had significantly greater PAL than children in the lowest and intermediate tertiles and significantly greater MVPA time than children in the lowest tertile. Children in the highest tertile for the jump over and crawl test and 25m run spent significantly greater time in MVPA, PAR ≥ 4 and locomotive activity and greater PAL than children in the lowest tertile. Moreover, in the highest tertile for 25m run, time spent in PAR ≥ 4 was significantly greater than for children in the lowest and intermediate tertile.
For nonlocomotive activity, there was no significant group difference except for 20m shuttle run test.
We also examined partial correlations separately for each gender. For girls, standing long jump and nonlocomotive activity were significantly correlated with MVPA after adjusting for age, height, and weight. The jump over and crawl test was significantly correlated with intensity of PA and PAL, except for light activity. For boys, muscle strength, 20m shuttle run test, standing long jump, the jump over and crawl test, and 25m run were significantly correlated with PAR ≥ 4. Standing long Physical fitness Sedentary P-value Light P-value MVPA P-value PAR≥4 P-value PAL P-value Locomotive P-value
Nonlocomotive P-value
Health-related physical fitness jump was also significantly correlated with PAL. Moreover, the jump over and crawl test and 25m run were positively correlated with locomotive activity time. Nonlocomotive activity was significantly negatively correlated with 25m run performance.
Discussion
This study evaluated physical states ranging from sedentary behavior to vigorous PA and classified locomotive and nonlocomotive activity using triaxial accelerometry in preschool Japanese children. Associations between health-related and skill-related physical fitness parameters and PA and activity types were then examined. To our knowledge, no previous study has addressed the potential role of health-related physical fitness parameters, including muscle strength and flexibility, in the early development of a physically active lifestyle with discrimination between locomotive and nonlocomotive PA during medium-intensity activity in young children. Therefore, the current study focused on the relationship between physical fitness, PA, and activity type in preschoolers.
Our previous study showed that in medium-intensity activity time, nonlocomotive activity accounted for a greater proportion of time than locomotive activity in Japanese preschoolers. Furthermore, the relationship between PA and environmental factors in Japan may be different than those in other countries. In our previous study (29) , MVPA was significantly related to crime safety and nature in the neighborhood after adjustment for age, gender, body height, and weight. The presence of hills was significantly associated with less time spent in PAR ≥ 4. However, a review by Hinkley et al. (9) showed that crime safety was consistently shown to have no association with PA in preschool children. Thus, it is important to investigate the relationship between PA, including nonlocomotive activity, and physical fitness among preschoolers in Asia, including those in Japan. Previous studies in this area found evidence for a positive association between fundamental movement skills competency and PA (8, 31) . Williams et al. (31) assessed motor skill performance, including the major fundamental locomotor and object-control skills, and found that the relationship between PA and locomotor skills was stronger than the relationship between PA and object-control skills. Fisher et al. (8) reported a modest positive correlation between fundamental movement skills, including jumping, balancing, skipping, and playing with a ball, and total PA (r = .10, p = .039) and percent time in MVPA (r = .18, p < .001). Both sedentary and light-intensity activities were not significantly correlated with physical skill in these studies. Recently, Bürgi et al. (3) showed partial correlations of PA with physical fitness in terms of agility (total PA, r = -.17; MPA, r = -.15; VPA, r = -.13), balance (total PA, r = .20; MPA, r = .22; VPA, r = .20), and aerobic fitness (total PA, r = .38; MPA, r = .30; VPA, r = .37). In the current study, these relationships were comparable to those in previous studies for some skill-related physical fitness parameters, except for balance (Table 3) . Moreover, there was a discrepancy in the relationship with balance, as no significant relationship was observed in the current study while significant relationships were observed with MPA and VPA in the study by Bürgi et al. (3) . Thus, health-related fitness (muscle strength and aerobic fitness) as well as skill-related fitness (power, agility, and speed) are correlated with PA, especially higher intensity PA (PAR ≥ 4) in preschool children. These results are similar to those in the previous studies, except for balance. On the other hand, Cliff et al. (4) reported a negative association between locomotive skills and MVPA only in girls aged 3-5 years, while a positive association between objective-control skills and MVPA only in boys.
One possible reason for some of the variability in the relationship between PA and physical fitness is due to differences in assessment methods among studies. While the current study evaluated physical fitness using continuous variables, a study by Fisher et al. (8) used the Movement Assessment Battery in young children and that by Williams et al. (31) used the CHAMPS Motor Skill Protocol to assess physical skills, observing the presence or absence of each skill. There were also discrepancies in the correlation of balance with PA since the current study evaluated static balance and Burgi et al. used a test of dynamic balance (3). Although both methods are used to evaluate children's equilibrium, in static balance, the subject is supported by having one foot by ground, but dynamic balance uses more instability. Thus, dynamic balance might more accurately reflect free-living conditions. Another possible reason is the differences between process (in previous studies) and product (in the current study) scores. As far as we are aware, the current study is the first to investigate the relationship of PA with muscle strength (showing a significant correlation) and flexibility (which showed no correlation with PA), and more detailed measures of skill-related physical fitness.
In previous studies, habitual PA was evaluated using a CSA/MTI uniaxial accelerometer (8) or an ActiGraph uniaxial accelerometer (3, 4, 31) , using cutoffs of the acceleration counts in each study. However, studies by our group showed that discrimination between locomotion and play in preschool children (e.g., ball tossing) using a triaxial accelerometer (ActivTracer, GMS) and a vertical/horizontal counts ratio as a classification criterion contributes to better evaluation of PA intensity (10, 27) . When PA was assessed by this method, much more time was spent in nonlocomotive activity than in locomotive activity (104 ± 57 min/day and 140 ± 49 min/day, respectively) in the current study. To assess PA in preschool children using triaxial accelerometry it is useful to use such an algorithm to discriminate between different types of medium-intensity activities including locomotive and nonlocomotive activity (10, 27) to evaluate PA intensity. The previous studies did not discriminate between locomotive and nonlocomotive PA. Thus, that differences in methods used to assess PA may also account, in part, for differences in the outcomes of the three studies. Additional reasons, such as a lower proportion of overweight children in the current study, preschool environment, etc., also may be responsible for the differences in PA levels between previous studies and the current study. (3) have reported much smaller amounts of time in MVPA than the current study and our previous study (28) . Our results appear to agree with the results of other previous studies of youth activity levels measured using a heartrate monitor (7) . This may be because the use of accelerometers and predictive equations used in most previous studies of preschool children underestimate the PA intensity of nonlocomotive activity, as described above. Other reasons, such as a lower proportion of overweight children in the current study, preschool environment, etc., may be associated with the different PA levels between previous studies and the current study.
In the current study, when synthetic activity counts corresponding to mediumintensity activity were obtained, the amount of time spent in locomotive-type and non-locomotive-type activity was calculated. Our previous studies (10, 27) showed that for preschool-aged children, the average PAR value for normal walking, building with blocks, performing a ball toss, and running was 2.60 or 2.80, 2.98, 3.64 or 4.55, and 5.58 or 5.74, respectively. Therefore, in the current study, medium-intensity activity would have consisted of activities such as normal and brisk walking and performing a ball toss. Locomotive activity time had a relatively strong correlation with light-intensity PA time (r = .61). The average PAR value of normal walking corresponds to light-intensity PA. In addition, one of the main components of light-intensity PA may be normal walking, which may also be a major component of locomotive activity. Nonlocomotive activity time was relatively strongly correlated with MVPA (r = .58), suggesting that MVPA may consist of complex PA such as throwing a ball, rather than normal or brisk walking. However, there was no significant correlation between nonlocomotive activity and physical fitness parameters except the 25m run (r=-.21 p < .05). Surprisingly, there were weak negative correlations between nonlocomotive activity and skill-related total z-scores in spite of a positive correlation between MVPA and nonlocomotive activity. The reasons for this discrepancy are not clear. However, it is clear that better physical fitness was associated with increased PA, especially higher-intensity PA. To further investigate this point, it is necessary to determine the nature of nonlocomotive activities in future studies.
As mentioned above, although the results of this and other studies (3, 8, 31) suggest that the association between PA and physical fitness or fundamental motor skills may be relatively weak, there may be a threshold of motor proficiency at which this relationship is most important. Thus, it is important to examine these relationships by analysis of covariance. Fisher et al. (8) reported an association between quartiles of motor skill performance and time spent in MVPA. Williams et al. (31) also found that young children with better-developed motor skills (highest tertile) spent significantly more time in both MVPA and vigorous PA and significantly less sedentary time than children with less-developed motor skills. Moreover, they showed that children with higher levels of locomotor skill performance spent significantly more time in both MVPA and vigorous PA and less sedentary time than children with lower levels of locomotor skill performance. However, these indices of locomotor skill consisted of behavioral descriptors or process characteristics for six locomotor activities. Evidence from our study supports the assertion that not only skill-related but also health-related physical fitness may be important factors in promoting a physically active lifestyle in preschool children (Table 4 ). There were no differences between the high and low tertiles for sitting trunk flexion or one-foot balance with eyes open for PA of any intensity. Thus, flexibility and balance may not influence PA in preschoolers. These data may be particularly important for providing insight into improving health-and skill-related physical fitness as a determinant of PA in preschoolers. These findings suggest that development of muscle strength, endurance capacity power, agility, and speed could make engagement in PA easier for preschool children, although further research on the cause-effect relationship is needed.
Boys had significantly higher standing long jump and running speed scores, but had lower flexibility and balance ability compared with girls (Table 1) . Previous studies support gender differences in physical fitness and fundamental motor skills, with boys' performance in motor tasks of strength (running speed and long jump) exceeding that of girls (15) . On the other hand, MVPA, PAR ≤ 4 and PAL were greater for boys than for girls (Table 2) . These data are coincident with previous studies (2) . Furthermore, locomotive activity duration for boys was also greater than that of girls. Cliff et al. (4) reported that among boys, object-control skills were associated with PA in MVPA and total PA, respectively, after controlling for age, SES and z-BMI. On the other hand, locomotor skills were inversely associated with MVPA among girls after controlling for confounders. The present study also showed gender differences, but such an opposite relationship between fundamental motor skills and PA in young girls reported by Cliff et al. (4) were not observed. Additional research is needed to further examine the gender differences for the relationship between fundamental movement skills or physical fitness and PA (2) . Before puberty, height and body proportions in Japanese boys and girls are rather similar (26) . Thus, body composition, environmental influences, biological factors, or their interaction are possible explanations for these gender differences in physical fitness, including fundamental locomotive motor skills.
Overall, the strengths of our study include: an objective and quantitative measure of PA classifying locomotive and nonlocomotive activity, the inclusion of both health-related and skill-related physical fitness parameters, and the use of a sample population of Japanese preschool children from different school types. There are, however, several methodological points to be considered in interpreting these results. Because of the cross-sectional nature of this research, the cause-effect relationship between physical fitness and PA or activity type cannot be determined. The results of the current study indicate that some measures of physical fitness affect PA or activity type, but the opposite conclusion, that is, that PA or activity type may affect physical fitness, could also be drawn. The accelerometer is a widely used tool to measure PA, but may not assess all PA such as swimming and cycling. It should be noted that the present data were recorded in1-min epoch, which may not be sensitive enough to pick up short bursts of vigorous activity (20, 30) . Smaller epoch lengths should be used to better reflect movement patterns of young children (20, 30) , but ActivTracer can't record data for several days by smaller epoch length than 1-min due to a limitation of the memory. It is a limitation of the current study.
Conclusions
The findings of this study indicate that parameters of skill-related physical fitness such as power, agility, and speed were significantly associated with moderate to high PA and not associated with light activity. Development of power, agility and speed could make engagement in PA easier for preschool children. Moreover, parameters of health-related physical fitness such as muscular strength and endurance, and skill-related physical fitness may contribute to higher-intensity PA. These measures showed differential relationships with locomotive and nonlocomotive activity. Additional research is needed to further examine the relationship between physical fitness and PA and activity type. A longitudinal study could provide information on the direction of this association. If physical fitness parameters are determinants of PA, then strategies that develop physical fitness in childhood may help to promote increased PA and health in young children.
